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Formulation development and in vitro antioxidant studies of Churnas 
containing natural sweetener and nutraceutical
INTRODUCTION look over either additive or synergistic effect of all 
There  are  many  evidences  indicating  that  free  ingredients together. 
radicals are responsible for birth of many diseases 
like inflammation, atherosclerosis, diabetes, aging  The  present  study  supports  use  of  Stevia 
1,2,3  rebaudiana  as  a  natural  sweetener  with  and  hepatic  toxicities .The  free  radicals  are 
9 formed in many metabolic processes and attack to  nutraceutical.  Stevia  rebaudiana  contains  
the  membrane  lipids,  generating  lipid  radicals.  stevioside  and  rebaudioside  as  ditepene 
These  lipid  radicals  can  combine  with  oxygen  glycosides those are 300 times sweeter than sugar. 
4 10 producing peroxy radicals . The peroxy radicals  It also contains  sequiterpene lactones that are 
can  further  cause  peroxidation  of  cellular  responsible for bitter after taste. Stevia rebaudiana 
11 membrane lipids leading to cell necrosis. It leads  acts  as  anti-diabetic ,  anti-hypertensive,  anti-
5   to a number of pathophysiologically conditions . lipidemic,  anti-bacterial and  anti-fugal.  It  also 
It is believed that the herbal products have less side  contains minerals. It is considered as GRAS by US 
12 effects and toxicities. As these herbal products  FDA . 
contain mixture of various ingredients, after some 
period of time, herbal formulations may undergo  Churnas developed without Stevia contain some 
changes in chemical composition. Therefore real  bitter principles which act as anti-diabetic. Such 
time stability study at different intervals should be  formulations are unacceptable and unpalatable to 
carried out during storage. Antioxidant potential is  consumers. In this study antioxidant potential with 
one of the parameter to observe the stability of  taste  masking  of  final  product  was  optimized. 
herbal  product.  Free  radical  scavenger  may  Therefore it was our intention to develop the bitter 
prevent  the  oxidative  stress  by  peroxidation,  formulations  with  sweet  Stevia  and  to  study 
inhibiting  free  radicals  and  also  by  other  critical  parameter  as  free  radical  scavenging 
6 mechanism can prevent desease . activity or total antioxidant capacity of all these 
ingredients together in the form of Churnas.
Gymnema sylvestre, Curcuma longa, Azadirachta 
indica, Aegle marmelos, Emblica officinalis and 
Stevia rebaudiana has been used to treat diabetes. 
1Government College of Phamacy, Vidyanagar-  Most of these ingredients contain flavanoids and 
Karad 415 124, India phenolic contents. Flavanoids are also reported to 
7, 8 possess antioxidant potency. . It was interested to 
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Abstract: Gymnema sylvestre, Curcuma longa, Azadiracta indica, Aegle marmelos, Salacia 
chinensis, Emblica officinalis were used as active components and Stevia rebaudiana as natural 
sweetener with nutraceutical for development of  Churnas. The free radical scavenging potential of 
Churnas was studied by using different antioxidant models of  screening. The hydroalcoholic 
extract of  sweet and bitter Churnas at 500µg/ml showed maximum scavenging of  the riboflavin 
NBT system, DPPH and total antioxidant capacity. However, the extract showed only moderate 
scavenging activity of  nitric oxide radicals and iron chelation. This could be due to higher phenolic 
content in the extract. Sweetness potency of  Churna was found to be appropriate sweet, acceptable 
and palatable.  These observations can be useful for the justifications of  various ingredients and 
therapeutic applications of  the Churnas. 
Key Words: - Churnas, Stevia rebaudiana Antioxidant Potential, Antioxidant in vitro 
models, Ascorbic acid.
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pages 25  31EXPERIMENTAL temperature. The mass was subjected for filtration 
Materials  to collect filtrate. The filtrates were collected and 
The  powdered  samples  of  crude  drug  were  subjected for deep freezing and lyophylization. 
procured as gift sample from Ayurvedic Arkshala,  Then it was again subjected to dryness by rotary 
Satara  (MS).  1,  1-diphenyl,  2-picryl  hydrazyl  evaporator. The dried extracts were collected and 
(DPPH)  was  procured  from  Sigma  Chemicals,  powdered. 
USA.  The  chemicals  and  solvents  used  for 
experimental work were of analytical grade and  The  different  concentrations  as  200  µg/ml, 
obtained form Himedia chemicals, Mumbai.  300µg/ml  and  500µg/ml  of  dried  powdered 
extracts of Stevia and both Churna were obtained 
Methods  and  subjected  for  evaluation  by  antioxidant 
The Churnas with and without Stevia rebaudiana  potential in comparison with the standard ascorbic 
were formulated using crude drugs as   Gymnema  acid. 
sylvestre,  Curcuma  longa,  Azadiracta  indica, 
Aegle  marmelos,  Salacia  chinensis,    Emblica  The absorbance of each concentration of extracts 
officinalis and Stevia rebaudiana that have been  of Stevia rebaudiana, bitter and sweet Churna was 
reported as an antidiabetic. Allopathic antidiabetic  detected by spectrophotometer (Shimazdu-1700). 
agents have side and toxic effects. Therefore the  Free radical scavenging ability of extracts of bitter 
formula for antidiabetic polyherbal formulation  and  sweet  churnas  was  studied  by  following 
was developed using this crude drug as an active  chemical in vitro antioxidant models.
ingredient  and  Stevia  rebaudiana  as  natural 
13,14,15 sweetener. The developed formula was as follows a.  DPPH assay  
To 1ml extract of different concentrations, 1 ml 
Bitter Churna solution of 0.1 Mm of DPPH (1, 1-diphenyl-2-
picryl hydrazyl) was added.  An equal amount of  * Gymnema sylvestre   20 gm
methanol and DPPH solution served as control.    * Curcuma longa         15 gm
After 20 min of incubation in the dark, absorbance  * Azadiracta indica     10 gm
was measured at 517 nm.   The experiment was  * Aegle marmelos        10 gm         
performed  in  triplicate  and  the  percentage  * Salacia chinensis      10 gm          scavenging was calculated.
* Emblica officinalis    35 gm.      
16,17 b. Iron chelating activity Sweet Churna 1 ml of each extract was treated with an equivalent 
* Gymnema sylvestre   20 gm amount of reaction mixture which contains 1 ml, 
* Curcuma longa         15 gm 0.05% 0  phenanthroline in methanol, 2ml ferric 
* Azadiracta indica     10 gm chloride (200 mM).  The treated compound was 
* Aegle marmelos        10 gm          incubated at ambient temperature for 10 min and 
the absorbance of same was measured at 510 nm.   * Salacia chinensis      10 gm         
The experiment was performed in triplicate.   * Emblica officinalis    35 gm
* Stevia rebaudiana      7.5 gm.    
18 c.  Total antioxidant capacity
1 ml of extract of different concentrations was  This formulation was optimized by taste masking 
treated  with  1  ml  of  reagent  solution  (0.6  M  sweet moiety of Stevia rebaudiana. Five different 
sulphuric acid, 28 mM sodium phosphate and 4  100  gm  samples  of  Madhujivan  Churna  were 
mM ammonium molybdate) in eppendorf tube.    formulated using 2.5%, 5%, 7.5%, 10%, 12.5% 
The tubes were capped and incubated in thermal  Stevia  rebaudiana  powder.  The  hydroalcoholic 
0 block at 95  C for 90 min.  After cooling to room  extracts of these bitter and sweet Churna were 
8 temperature the absorbance was measured at 695  obtained by cold maceration method . The equal 
nm against blank.  The ascorbic acid was used as  portion of ethanol (90%) and distilled water was 
standard.  The  experiment  was  performed  in  used  as  a  solvent  for  extraction.  Churnas  in 
triplicate.     contact with this solvent were kept in container for 
seven  days  with  occasional  shaking  at  room 
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pages 25  31D.  Scavenging  of  superoxide  radical  by  0.1 % napthyl ethylene diamine dihydrochloride),  
19,20 The absorbance of chromophore formed during  riboflavin-NBT-system
diazotization of nitrite with sulphanilamide, and  The assay was based on the capacity of the sample 
its  subsequent  coupling  with  napthyl  ethylene  to inhibit blue formazon formation by scavenging 
deamine was read at 546 nm.  The experiment was  the  superoxide  radicals  generated  in  the 
performed in triplicate.  riboflavin-NBT-system.    The  reaction  mixture 
contains 50 mM phosphate buffer, pH 7.6, 20gm 
G.  Rapid screening for antioxidant compounds  riboflavin, 12 mM NBT (Nitro Blue Tetrazolium).  
by using TLC Reaction  was  started  by  illuminating  the  test 
To  make  a  semi-quantitative  visualization  samples  of  the  extract.  The  absorbance  was 
possible, total hydroalcoholic extracts of churnas  measured at 590 nm.  Ascorbic acid was used as 
were applied on a TLC plate and developed in  positive control. .  The experiment was performed 
solvent system consisting of ethyl acetate : formic  in triplicate.  
acid  :  glacial  acetic  acid  :  water 
21 (14.28:1.42:1.42:2.85  v/v/v/v).    The  plate  was  E. Hydroxyl radical scavenging activity
then  dipped  in  a  0.2  %  solution  of  DPPH  in  Extracts of different concentrations were taken in 
methanol. The yellow colored spots on stationary  different test tubes and evaporated on water bath.  
phase  are  an  indirect  measure  of  antioxidant  To these, 1 ml of Fe-EDTA, 0.5 ml of EDTA and 1 
activity.  The  experiment  was  performed  in  ml  DMSO  were  added  and  the  reaction  was 
triplicate.   initiated by adding 0.5 ml ascorbic acid to each of 
the test tubes.  Test tubes were capped tightly and 
0 Bitterness  value-  Bitterness  value  of  bitter  heated on water bath at 80-90  c for 15 min.  Then 
Madhujivan  Churna  was  determined  by  taste  the reaction was terminated by addition of ice-cold 
24 evaluation method . The healthy volunteers were  tricarboxylic acid (17.5% w/v) to all the test tubes 
used for taste masking and informed consent was  and  kept  aside  for  5  min.    The  formaldehyde 
obtained from all of them. Taste evaluation was  formed  was  determined  by  adding  3ml  Nash 
done by panel of 10 members using time intensity  reagent (75 gm ammonium acetate, 3 ml glacial 
method. Sample equivalent to normal dose was  acetic acid, 2 ml acetyl acetone was mixed and 
held in the mouth for 10 seconds bitterness levels  made to 1 liter with distilled water).  This reaction 
were recorded instantly and then after 10 seconds,  mixture  was  kept  aside  for  15  min  for  color 
21 1 minutes, 2 minutes, 5 minutes and 15 minutes.  development .  Intensity of yellow color formed 
Volunteer's  opinion  for  bitterness  values  were  was measured spectrophotometrically at 412 nm 
rated by giving different score value that is 0: no  against  reagent  blank.  .    The  experiment  was 
bitterness  1:  acceptable  bitterness,  2:  slight  performed in triplicate.  
bitterness  3:  moderate  bitterness  and  4:  strong 
22,23 bitterness. F. Scavenging of nitric oxide radical
Nitric  oxide  was  generated  from  sodium 
25 Sweetness  potency-  Sweetness  potency   of  nitroprusside  and  measured  by  Griss  reaction. 
developed  sweet  Madhujivan  Churna  was  Sodium  nitoprusside  (5mM)  in  standard 
determined by considering sucrose as a standard.  phosphate buffer saline solution (0.025M, pH 7.4) 
Sweetness potency was determine by following  was  incubated  with  different  concentrations  of 
formula (200  µg/ml,  300  Mg,  500  µg/ml)  of  the 
hydroalcohic  extract  dissolved  in  phosphate 
buffer saline (0.025M, pH 7.4) and the tubes were 
0 incubated at 25 c for 5 hrs.  Control experiments 
without  test  compounds  but  with  equivalent 
amount  of  buffer  were  conducted  in  identical 
manner.   After  5  hrs,  0.5  ml  of  solution  was 
removed and diluted with 0.5 ml of Griss reagent 
(1 % sulphanilamide, 2% O-phosphoric acid, and 
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Sweetness of 100 g/l solution
Sweetness
 Potency   
g/l Sweetener solution with equivalent sweetness
=
pages 25  31RESULT AND DISCUSSION nitric oxide radical with an IC value 9.78, 10.02  50 
Three concentrations ranging from (200, 300 and  µg/ml and DPPH radicals with an IC  value of  50
500 µg/ml) of the hydroalcoholic extract of Stevia  11.4,  11.81  µg/ml.    However,  the  extract  also 
rebaudiana, bitter and sweet Madhujivan Churnas  showed  encouraging  responses  in  quenching 
were  tested  for  their  antioxidant  potential  in  superoxide with IC  value of 12.95 µg/ml, 12.48  50
comparison with the standard ascorbic acid by  µg/ml.  The activity was moderate in remaining 
different in vitro chemical assays. The decreases in  antioxidant  models.    The  results  showed  that 
absorbance by extracts indicate quenching effect  sweet Churna has a potent scavenging activity 
of the radicals by the different concentrations of  with increasing % inhibition.  Chemical entities 
the extracts. The same procedure was carried out  that can exist separately with one or more unpaired 
for the standard ascorbic acid.   The percentage  electrons are called as free radicals.  Generation of 
scavenging of each extract of churnas in different  such free radicals can bring about thousands of 
26  concentrations for different in vitro models are  reactions and thus cause extensive tissue damage.  
calculated by following formula:- Lipids, proteins and DNA are all susceptible to 
27 attack by free radicals .  Free radical scavengers 
% inhibition for standard = (Blank  Standard) x  may offer resistance against oxidative stress by 
100 / Blank quenching the free radicals.  
% inhibition for test = (Blank  Test) x 100 / Blank  From the present results it may be postulated that 
Stevia,  bitter  and  sweet    Churna  scavenging 
hydrazine when it reacts with hydrogen donor in 
28 the antioxidant principle .   Superoxide anion is 
29 The antioxidant models and % scavenging of each  the first reduction product of oxygen  which is 
concentration of extract and standard are shown in  measured in the terms of inhibition of generation 
Table 1 and Figure 1. of  oxygen.    Quenching  of  NO   radical  by  the  2
extract may be due to the antioxidant principles in 
The  maximum  %  scavenging  of  each  the extract which compete with the oxygen to react 
30 concentration  of  extract  is  determined  by  with nitric oxide  and thus inhibits the generation 
Riboflavin    NBT  system  and  DPPH  assay  as  of  nitrite.    The  hydroxyl  radicals  formed  by 
compared to other in vitro models. oxidation  reacts  with  DMSO  to  form 
3+ formaldehyde by Fe  ascorbic acid system which 
31 The maximum inhibitory concentration (IC ) in  50 is  used  to  detect  hydroxyl  radicals .    The 
all  models  viz.  DPPH,  iron  chelating,  total  appearance  of  yellow  color  spots  on  violet 
antioxidant activity, Riboflavin   NBT, Hydroxy  background of TLC was the indirect measure of 
radical scavenging, Nitric oxide radical activity  rapid screening for antioxidant compounds in the 
found to be 9.21, 8.45, 9.61, 9.65, 10.50, 9.84 by  extract. 
hydroalcoholic extracts of   S. rebaudiana while 
11.12, 9.50, 10.26, 12.0, 8.4, and 9.28 by bitter  Ortho-substituted phenolic compounds may exert 
Churnas and 11.24, 9.78, 10.45, 12.8, 8.7, 9.87 by  pro-oxidant effect by interacting with iron.   O-
sweet  Churnas.  IC   was  calculated  by  using  50 phenanthroline  quantitatively  forms  complexes 
2+ formulae:-  with  Fe   which  gets  disrupted  in  presence  of 
2 32 b = ∑x. ∑ y / ∑ x     chelating  agents .    The  hydroalcoholic  extract 
a = y  b x interfered  with  the  formation  of  ferrous-o-
IC =a + b (50)  phenanthroline complex, thereby suggesting that  50   
the extract has metal chelating activity.  The total 
Where, b = regression coefficient of x on y; a =  antioxidant capacity of the extract was calculated 
Intercept of the line, x = Concentration; and y = %  based on the formation of phosphomolybdenum 
scavenging; x = mean of the concentration; y =  c o m p l e x   w h i c h   w a s   m e a s u r e d  
mean of % scavenging. spectrophotometrically at 695 nm.
The extract showed better activity in quenching  Threshold  bitter  concentration  (lowest 
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pages 25  31more than that of standard quinine hydrochloride  it. 
(0.058mg).
Further  investigation  is  necessary  for  detailed 
From the Table 1 and Figure 1, it indicates that the  phytochemical study of those constituents which 
antioxidant potential in terms of % scavenging of  are responsible for such activities. In future, it will 
sweet  Churna  is  more  significant  than  bitter  be advisable to formulate Stevia rebaudiana in the 
Churna.  Stevia  has  better  impact  if  added  to  form of either extract with herbals having bitter 
formulations. Sweetness potency was found to be  principles.  It  concludes  that  Stevia  rebaudiana 
0.35.  It  also  concludes  that  10.5-12.5%  Stevia  acts as versatile sweetener and nutraceutical.    
powder is sufficient to produce suitable sweet, 
acceptable and palatable preparation.    ACKNOWLEDGMENT
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Table 1.
Antioxidant potential of hydoralcholic extracts of 
Bitter Churnas (BC) and Sweet Churnas (SC) 
68.46 67.23 64.75 (SC)
64.73 67.78 65.39 62.28 (BC)
58.38 55.15 52.93 Nitric oxide radical  (Stevia)
55.26 51.33 47.23 (SC)
52.34 54.73 54.55 46.44 (BC)
45.64 44.75 42.34 Hydroxy radical  (Stevia)
89.95 83.97 76.76 (SC)
85.06 88.57 86.26 83.33 (BC)
65.95 64.81 62.15 Riboflavin NBT  (Stevia)
71.53 69.74 65.23 (SC)
69.56 70.33 68.73 64.89 (BC)
63.14 61.25 59.25 TAC (Stevia)
76.30 71.52 64.03 (SC)
63.63 73.36 65.21 56.28 (BC)
62.18 59.31 58.12 Iron chelating (Stevia)
84.00 80.96 73.56 (SC)
78.6 82.78 78.01 65.43 (BC)
65.43 61.32 55.45 DPPH (Stevia)
500 µg/ml 300 µg/ml 200 µg/ml
Standard
(200 µg/ml)
% scavenging by extracts Different antioxidant 
Models
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Figure 1: % scavenging v/s different antioxidant models of Sweet Churna
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Figure 2: % scavenging v/s different antioxidant models of Bitter Churna
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